Abstract: Globally, mineral nitrogen (N) losses as nitrate leaching (NL) are a substantial portion of applied fertilizer and cause surface and sub-surface water contamination. To precisely measure NL and its interlink parameters, biochar soil amendment was tested in this study. Three treatments-biochar (BC), without biochar (WB) with 15 N urea (300 kg/ha), and control (no fertilization)-were tested in soil-filled lysimeters (circular PVC (Polyvinyl Chloride) tank of 30 cm diameter and 35 cm height) equipped with moisture content sensors and weighing assembly for the consecutive two cropping of Brassica Camprestis Var. Chinensis. The 15 N-urea in the first season and the poultry manure in the second season were applied, but the fate of the 15 N was examined in leachate, dry matter, and soil. As compared to WB, BC significantly decreased mineral N leaching, including nitrate levels (35%), increased electrical conductivity (68.5%), and water availability (20% inches per foot), while there was a non-significant increase in biomass per plant (2.84%), evapotranspiration (8.33%), dry matter (6.89%), and a decrease in mean leachate volume (7.63%). Moreover, BC accumulated values were higher than WB, as N uptake (38%), water use efficiency (12.24%), maximum fresh weight (11.4%), and soil N retained (185%) after cropping. The soil pH, the bulk density, and the total nitrogen were changed but presented non-significant differences. Therefore, biochar can increase soil N retention and available water to improve water use efficiency and decrease potential N leaching.
Introduction
Worldwide, nitrogenous fertilizers are abundantly used to enhance crop production in agricultural sectors, but lower nitrogen (N) use efficiencies in almost all agricultural land originate from nitrogen losses in the form of ammonia volatilization, nitrate leaching, and emission of greenhouse gases (GHG). On the one hand, active N threatens the environment in the form of worsened changes in precipitation and temperature patterns, and on the other hand, higher nitrate concentrations in surface and subsurface waters put pressure on water resources of the globe. Higher nitrate in potable water has been generating problems after agricultural modernization such as blue baby syndrome in humans [1] , poisoning in animals [2] , and harmful effects on plant bodies in certain conditions [3] . In China, nitrate contamination has been affecting not only shallow groundwater (unconfined aquifers) but also deep groundwater (confined aquifers), which may take a long time for recovery [4] . Nitrate pollution and non-technical issues. It is better to calibrate the moisture sensor before and after installation in soil [28] . This study was conducted in an open greenhouse that had similar conditions as a field, but protections were applied in severe weather conditions such as freezing temperature. Such types of greenhouses are commonly used in Beijing for vegetable production.
The purpose of the study was to evaluate the soil-water-plant relationship in the context of mineral nitrogen (nitrate and ammonium ions) and-more precisely and accurately-in the presence and the absence of biochar as well as no biochar and fertilization for Brassica Camprestis Var. Chinensis cultivation in two consecutive cropping seasons (April to July and August to November). The comparative analyses among the treatments were made for the parameters encompassing total nitrate and ammonia leaching, total N uptake, biomass per plant, evapotranspiration, and water use efficiency. Moreover, the soil properties, including pH, Electrical Conductivity (EC), bulk density, total nitrogen, moisture content, and tracer nitrogen values after the first and the second harvest, were also monitored in consecutive two seasons.
Materials and Methods

Site Details
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Experiment Design
This experiment was conducted in 9 soil filled columns that had 30 cm diameters and 35 cm heights with a leachate collection assembled at the bottom. The vegetable, Brassica Camprestis Var. 
This experiment was conducted in 9 soil filled columns that had 30 cm diameters and 35 cm heights with a leachate collection assembled at the bottom. The vegetable, Brassica Camprestis Var. Chinensis, was cropped in two consecutive seasons (April to July and September to December). Three treatments with 3 repetitions-no biochar and no fertilization (CK), biochar and fertilization (BC), and fertilization without biochar addition (WB)-were tested for total mineral N leaching (nitrate and ammonium ions), total label N leaching, total nitrogen utilized by plant, total and tracer nitrogen retained in soil after every season, evapotranspiration (ET), water use efficiency (WUE), total water volume leached, water holding in terms of inches per foot (IPF), growth rate as fresh plant weight after specified time interval (30, 45, 60 , and 90 days), biomass per plants (kg), and N leaching rate (mg/L). These parameters were analyzed for the treatments CK, BC, and WB before the time of transplantation in the first season to the end of the second season at harvesting time. For the fertilizer treatments (WB and BC), 15 N urea at the rate of 300 kg N/ha per lysimeter was applied in the first season, whereas the poultry manure (1.98% nitrogen, 0.83% phosphorus, and 1.53% potassium) at the rate of 300 kg N/kg was used in the second season. Soil was collected from Shunyi District in March 2017 that was covered after harvesting in December 2016. Each soil filled column weighed 33 kg and was the same for all treatments. The soil properties measured before use in the experiment were included: soil texture was 45.9% sand, 36.9% silt, and 17.2% clay, 1.46 g/cm 3 bulk density, 1.07 g N/kg total nitrogen, 8.15 pH, and 115 µS/cm (0.115 dS/m) EC. Furthermore, labeled urea 98.5% enrichment, moisture sensor, poultry manure biochar at the rate of 20 ton/ha, and irrigation at the rate 1 inch per week were used in the experiment. Decagon (ECH 2 O) was installed in each lysimeter as the device to measure the soil moisture content in term of IPF.
Poultry manure biochar (1.95% nitrogen, 0.83% phosphorus, and 1.53% potassium) was prepared from the mixture of chicken litters and straw at the slow pyrolysis (10 • C min −1 ) up to the temperature of 450 • C. The biochar prepared from the poultry manure usually had the potential to increase organic carbon, electrical conductivity, and soil pH. The resultant poultry manure prepared had pH 8.85, EC 12.3 dS/m, and Cation Exchange Capacity (CEC) 740 mol c /kg. Vegetable seeds were germinated in soaked cotton wool spread in a seed starting tray and were transplanted in the lysimeters after being placed in a controlled environment for 10 days at 25 • C. Fifteen plants were transplanted in each lysimeter and were kept 1-2 inches apart from each other. Lysimeters were set in open greenhouse premises where no side walls or shelters persisted in the summer to provide obstruction from light and air circulation. These types of greenhouses are common in Beijing, where the transparent shelters are placed only in the months of November and December to protect the crops from the severe winter conditions.
Experiment Procedure
Soil was filled up to 32 cm in height with a weigh of 33 kg, and a moisture content sensor was installed about 5 cm above the bottom in all of the lysimeters. Each soil filled column was calibrated before applying fertilization and plantation according to the procedure explained by [28] . Leachate volume collected during calibration was measured and analyzed for nitrate and ammonium concentration. Columns were placed in an open place for 7 days, and the moisture content was determined every day. Thereafter, topsoil up to 15 cm was stirred and mixed with biochar in 3 columns. Every column was transplanted with 15 plants in each season. In the first season, labeled urea fertilizer in water solution form was applied in 6 columns. Single super phosphate (SSP) and potassium sulphate were also applied in all columns at the rate of 150 kg P/ha and 300 kg K/ha, respectively.
Every day, moisture content and weight were measured at a fixed time. Irrigation was scheduled as 500 ml in two days by a sprinkler. Plant dry matters and fresh weights for each column were prepared 4 weeks after the transplantation and 2 weeks thereafter up to the harvest in both seasons. Therefore, plant dry matter and plant fresh weight samples were prepared in each season five times. Leachate was collected after a heavy rainfall or after a week as it assembled in the collection chamber.
After harvest, columns were kept in an open environment for about 45 days, and processed farmyard manure was applied a week prior to plantation. The same schedule for irrigation and preparation of the dry matter was followed in the second season. After the first and the second harvest, soil samples were taken with the help of a plunger of 2.54 cm diameter and 30 cm depth to determine the soil nitrate and the ammonia level.
Laboratory Analysis
Lachat Flow Injection (LFI) equipment based on the Flow Injection Analysis procedure invented by Růžičkaand Hansen was used to analyze mineral nitrate and ammonia concentration in soil as well as in leachate samples. Soil samples were prepared for LFI as soil and a KCl 2M solution in a ratio of 1:5 and were placed in a mixer for 30 minutes at a speed of 40 rpm. Leachate samples were filtered and passed directly to LFI for testing. Samples were prepared for soil and leachate to determine the 15 N nitrate and the 15 N ammonia as guided by Coplen et al. [30] and Goeges and Dittert [31] , respectively. Plant dry matter or biomass were prepared as the plant was unplugged from roots, washed in de-ionized water, oven dried at 70 • C for 24 hours, crushed, ground, and forwarded for 15 N and total N analysis. The total biomass and the biomass per plant were weighted for all treatments. Isoprime 100 IRMS United Kingdom was used to conduct all the isotopic tests. Digital EC meter and pH were used to measure the EC and the pH according to the Rayment [32] procedure for soil samples after calibration.
Fresh plant weight was taken as the plant was removed from the soil, washed off, blotted gently with a soft paper towel to remove access water, and thereafter weighted. Wet fresh biomass was taken separately for each plant and the number of plants taken out each time to monitor the plant growth for all the lysimeters. Every day, IPF values were taken by sensor, thus there were three values for each treatment, and thereby an average value was considered as a single day reading for a treatment. Equations (3) and (4) were used to calculate the ET and the WUE. The vegetative growth above soil surface produced in a lysimeter was used to calculate the biomass per plant and the maximum plant fresh weight. In each season, plants were unplugged 5 times as 3 plants from a single lysimeter on each harvest date. In both seasons, the last 3 plants were harvested 90 days after the transplantation in lysimeters, when the plants in all the treatments gained their maximum vegetative growth before the reproductive stage according to the seed providing company (Beijing Advanced Seed Co., Beijing, China).
Calculations
Nitrogen has two stable isotopes with the atomic masses 14 ( 14 N) and 15 ( 15 N). The difference in the isotopic composition in atmosphere and other substances (soil, plants, etc.) is used to trace the source. The measurement of the stable nitrogen isotopic ratio is referred to as δ and is expressed in terms of thousandths (% );
where R = 15 N/ 14 N R reference may be taken as the natural atmospheric concentration (0.3663) or may use the control crop natural isotopic ratio. In this study, the CK crop, the soil, the plant, and the leachate were taken as reference isotopic ratios. Therefore, Water use efficiencies for all lysimeters were found by Equations [33] and [34] :
Total 15N concentration absorbed by plant, soil or leachate = % δ15N 1000 × (Total N in soil, or plant or leachate)
Water Use Efficiency = (Dry matter/ET) (
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The concentrations of N in the extracts were determined by an automated total organic carbon/total nitrogen analyzer (Multi N/C, 3100/HT1300, Analytik Jena, Germany).
Evapotranspiration was measured with the help of weighing lysimeters with moisture content sensors [35] :
where ∆W, P, I, ET, and ∆S refer to changes in lysimeter weight, precipitation, irrigation, evapotranspiration, and ∆S change in moisture content, respectively. A decagon sensor was used to measure moisture content in term of IPF and analog digital number (ADC). Before fertilization and cultivation, sensors were calibrated for IPF and Percentage (PCT) to the corresponding lysimeter weight and the known moisture content.
Statistical Analysis
F and T-tests with one-way Anova were applied to determine the significant variations between the initial values of soil pH, EC, bulk density, and total nitrogen (N) taken before fertilization and after the first and the second harvests for CK, WB, and BC treatments. Similarly, one-way Anova was applied to calculate the variation between the total N and the 15 N in dry matter, leachate, and soil with ammonium and nitrate ion. In the post hoc test, multiple comparisons all pair-wise among the treatments in the two seasons were made by the Scheffe test. Furthermore, single plant maximum growth curve and leachate volume for cumulative values, total yield, ET, water availability in IPF, and WUE were also compared between treatments as well as seasonal variation in the form of tables and graphs with SEM (standard error of mean) by the computer programs MS Office 13 (Microsoft Cooperation, Washington, DC, USA), Statistix 8.1 (Analytical Software, Tallahassee, FL, USA) SigmaPlot (Systat Software Inc., San Jose, CA, USA) and GraphPad Prism (GraphPad Software Company, San Diego, CA, USA).
Results
Evapotranspiration and Inches Per Foot
A total of 181 days ET and IPF were determined for all treatments under different climatic conditions, as presented in Figure 2 . In the first cropping season, there was nearly the same trend of ET in all treatments with a little increase in BC in the first season, while in the second season, BC treatment showed a little decrease, which was not statistically significant as compared to WB and CK (as shown in Table 1 ). This variation in the results was not due to the poultry addition in the second season in BC, because WB was also treated with the same. However, it might have been due to the combined action of poultry manure and biochar in the second season. It was evaluated from the accumulative ET mean value differences for the two seasons that ET increased 1.08% and 5.08% in WB and BC then CK, respectively. Moreover, maximum and minimum ET were observed in BC as compared to WB and CK. Mean daily ET in the second season was observed to be lower than the first season because temperature dropped after the month of October.
In both seasons, the water availability in terms of inches per foot was significantly higher in BC as compared to WB and CK. The standard deviation in the first season was more than in the second season, which might have been due to the higher evapotranspiration rate in the first season, as given in Table 1 . The maximum values of IPF were observed in the BC treatment, as shown in Figure 2 . 
15 N and Total N Uptake
In the two cropping seasons, 10 plant extracts were taken and analyzed for total N and 15 N concentrations for the seasonal difference and total uptakes, as shown in Figure 3 .2. Non-significant increases in N uptake were observed in BC and WB in both seasons as compared to CK. Overall total N uptakes in the two seasons in WB and BC were 34-37% and 44-52% more than CK, respectively. WB and BC consumed more total N as compared to CK by10-22% and 19-26% in the first season and Figure 2 . Mean values for IPF and ET for each day in two cropping seasons presenting peak ET in the first season in BC and lower in all treatments at different times in the second season, while IPF showed maximum values in the second season in BC and minimum in the first season in CK. In all treatments, maximum ET was observed in the first season whereas it was IPF in the second season.
In the two cropping seasons, 10 plant extracts were taken and analyzed for total N and 15 N concentrations for the seasonal difference and total uptakes, as shown in Figure 3 . Non-significant increases in N uptake were observed in BC and WB in both seasons as compared to CK. Overall total N uptakes in the two seasons in WB and BC were 34-37% and 44-52% more than CK, respectively. WB and BC consumed more total N as compared to CK by10-22% and 19-26% in the first season and 56-70% and 76-87% in the second season, respectively. BC consumed more 15 N than WB by 13-23% more in the first, while it was 50-137% in the second and 38% overall, but non-significant differences were calculated. Therefore, BC treatment in our study absorbed more 15 N and total N as compared to WB and CK (as given in Table 1 ), but the results were non-significant. In the first season, more total and 15 N were consumed by all treatments than in the second season because of the lower biomass production in the second season and the difference in fertilization (poultry manure application) in the second season. The 15 N was applied in the first season, but it was consumed in the second season, which presented the lasting effects of urea fertilization up to the second season, as shown in Figure 3 .
As BC absorbed more 15 N in the second season than WB, the biochar amendment increased the lasting time and the quantity in our study. 15 N than WB by 13-23% more in the first, while it was 50-137% in the second and 38% overall, but non-significant differences were calculated. Therefore, BC treatment in our study absorbed more 15 N and total N as compared to WB and CK (as given in Table 1 ), but the results were non-significant. In the first season, more total and 15 N were consumed by all treatments than in the second season because of the lower biomass production in the second season and the difference in fertilization (poultry manure application) in the second season. The 15 N was applied in the first season, but it was consumed in the second season, which presented the lasting effects of urea fertilization up to the second season, as shown in Figure  3 . As BC absorbed more 15 N in the second season than WB, the biochar amendment increased the lasting time and the quantity in our study. . BC accumulative total and trace nitrogen consumption was more than other treatments. 15 N uptake was not different in BC and WB up to the third dry matter (50 days after fertilization) but thereafter exceeded in BC and lasted up to the end of the second cropping season.
Total Leachate Volume, Total and 15 N Nitrate
A total of nine leachates were collected with different amounts of leachate volumes during two cropping seasons, as presented in Figure 4b . Total leachate volumes were 8.3% and 0.99% less accumulated in BC and WB than CK, but there were no significant variations among the treatments, as given in Table 1 . Leachate volume collected from BC was approximately 7.63 (mean value) less than WB. Moreover, more leachate volume was collected in the first season as compared to the second season in all treatments.
Total N nitrate leached from the fertilizer treatments was higher by 2.16-2.95 times and 1.23-1.59 times CK from the WB and the BC in the first season, whereas it was higher by 3.13-4.04 and 1.45-1.69 times in the second season, respectively. WB treatment conduced significantly more total N nitrate leaching than BC in both seasons, as given in Table 1 . The total N nitrate leached down from . BC accumulative total and trace nitrogen consumption was more than other treatments. 15 N uptake was not different in BC and WB up to the third dry matter (50 days after fertilization) but thereafter exceeded in BC and lasted up to the end of the second cropping season.
Total N nitrate leached from the fertilizer treatments was higher by 2.16-2.95 times and 1.23-1.59 times CK from the WB and the BC in the first season, whereas it was higher by 3.13-4.04 and 1.45-1.69 times in the second season, respectively. WB treatment conduced significantly more total N nitrate leaching than BC in both seasons, as given in Table 1 . The total N nitrate leached down from the first season in all treatments was higher than from the second season, which might have been due to the poultry manure in the second season in the fertilized treatments and no addition of N for the control while cropping the second time.
Total 15 N nitrate leached in BC was 26% and 69% less in the first and the second season as compared to WB, respectively. Moreover, overall, 35% less 15 N nitrate leached in BC. Total nitrate collected in leachates was 73% and 49.5% of the applied 15 N contributed in WB and BC, respectively. Thus, the nitrate leached from the applied 15 N urea and previous stock in BC was less than in WB.
to the poultry manure in the second season in the fertilized treatments and no addition of N for the control while cropping the second time.
Total 15 N nitrate leached in BC was 26% and 69% less in the first and the second season as compared to WB, respectively. Moreover, overall, 35% less 15 N nitrate leached in BC. Total nitrate collected in leachates was 73% and 49.5% of the applied 15 N contributed in WB and BC, respectively. Thus, the nitrate leached from the applied 15 N urea and previous stock in BC was less than in WB. 15N and WB-15N ). Overall, mineral N was leached more in WB as compared to BC in all nine leachates.
Total and Tracer Ammonia in Leachate
Different amounts of leachate volumes collected at different events with different ammonium ion concentrations were observed, as shown in Figure 4a . Maximum total N ammonia was leached down in the BC as 2.68-2.93 times CK overall, 2.42-2.74 times CK in the first season, and 2.53-3.17 times CK in the second season, while in WB, it was 2.26-2.47 overall, 2.23-2.37 in the first season, and 2.04-2.72 times CK in the second season. Total ammonia leached down was 18% (accumulative mean value) more in BC as compared to WB. Similarly, 15 N ammonia was also 41% more in BC as compared to WB. In the first season, 26% more 15 N ammonia leached in BC than in WB, and it was 110% more in the second season. Moreover, more total and 15 N ammonia were leached in the first season as compared to the second season, as given in Table 1 .
Water Use Efficiency, 15 N and Total N Uptake
Non-significant and lower water use efficiency was observed in all treatments for both cropping seasons, and accumulative values for BC were more than WB and CK. Moreover, nearly the same WUE accumulative values were observed in WB and CK. All treatments had lower WUE in the first cropping season than in the second, as presented in Figure 5 . However, BC showed a 23-40% increase in accumulative WUE in two seasons as compared to CK. In two cropping seasons, it was analyzed that BC consumed 38.459% and WB consumed 27.714% of the applied 15 N urea in dry matters. Moreover, BC consumed 7.4% and 42% more total N as compared to WB and CK in two cropping seasons. In the second season, increased WUE favored the N uptake in the last observation as compared to the other observations for all the treatments. The maximum WUE (mean values) was calculated to be higher in BC as compared to other treatments, but it was not significant. For all treatments, WUE was higher in the second season than in the first season, as given in Table 1 . Moreover, accumulative mean values of WUE for two seasons in BC were 12.24% higher than in WB but presented non-significant results. , and control (no biochar and urea). Highest total N was consumed in all treatments when WUE was higher at the end of the cropping season. BC presented higher total N, labeled N, WUE, and dry matter, as observed from different peaks at different times during the cropping seasons.
Plant Growth Curve
Plant growth rate was not constant and fluctuated with respect to the growth stage and the season. To monitor average growth rate per unit day, the whole mean fresh weight for treatment was plotted against time (days), as shown in Figure 6 . A significant increase in growth rate (dry weight) was noticed in BC and WB as compared to CK. Highest mean growth rate for a single plant was recorded in BC and WB as 39% and 26.4% in the first season, whereas it was 61.1% and 39.3% more than CK in the second season, respectively. The mean maximum single plant fresh weight was 11.4% higher in BC than in WB for the two seasons. Similarly, BC produced more growth rate of a single , and control (no biochar and urea). Highest total N was consumed in all treatments when WUE was higher at the end of the cropping season. BC presented higher total N, labeled N, WUE, and dry matter, as observed from different peaks at different times during the cropping seasons.
Plant growth rate was not constant and fluctuated with respect to the growth stage and the season. To monitor average growth rate per unit day, the whole mean fresh weight for treatment was plotted against time (days), as shown in Figure 6 . A significant increase in growth rate (dry weight) was noticed in BC and WB as compared to CK. Highest mean growth rate for a single plant was recorded in BC and WB as 39% and 26.4% in the first season, whereas it was 61.1% and 39.3% more than CK in the second season, respectively. The mean maximum single plant fresh weight was 11.4% higher in BC than in WB for the two seasons. Similarly, BC produced more growth rate of a single plant than WB, but the increase was non-significant. The dry matter produced during the two seasons in BC was 6.89% greater than in WB. Similarly, the biomass per plant in BC was approximately 2.84% (mean value) increased from WB in two seasons. Moreover, the significant difference in the biomass per plant was produced in the fertilized treatments as compared to the control (given in Table 1 ). 
Total and Labeled N in Leachate
Significant mineral nitrogen including tracer was leached down in WB and thereafter in BC as compared to CK in the second season, whereas a significant difference was found in the fertilized (WB and BC) and the control (CK) in the second season. All leachates somehow carried mineral nitrogen concentrations and contained more than 10 mg/l in almost all treatments, as shown in Figure  4c . Moreover, there was a significant difference in 15 N leached down in WB as compared to BC in the second season, but not in the first season. Total mineral N values leached down in WB and BC were 2.63-2.80 and 1.69-2.01 times CK, respectively. Total 15 N mineral leached down from the WB in two seasons was calculated to be 10.37% of the applied 15 N labeled fertilizer, whereas it was 7.60% for BC. 
Soil Properties
Total and Labeled N in Leachate
Significant mineral nitrogen including tracer was leached down in WB and thereafter in BC as compared to CK in the second season, whereas a significant difference was found in the fertilized (WB and BC) and the control (CK) in the second season. All leachates somehow carried mineral nitrogen concentrations and contained more than 10 mg/l in almost all treatments, as shown in Figure 4c . Moreover, there was a significant difference in 15 N leached down in WB as compared to BC in the second season, but not in the first season. Total mineral N values leached down in WB and BC were 2.63-2.80 and 1.69-2.01 times CK, respectively. Total 15 N mineral leached down from the WB in two seasons was calculated to be 10.37% of the applied 15 N labeled fertilizer, whereas it was 7.60% for BC.
Soil Properties
The recorded values for the soil parameters, including pH, EC, and bulk density, were not statically varied after the first and the second harvest, except soil EC. Nonetheless, soil pH and bulk densities showed more variations in BC as compared to WB and CK, as presented in Table 2 . Soil total nitrogen in CK was significantly decreased after the first and the second season, while it was not significantly varied in WB and BC. 15 N retention in BC soil was found to be twice greater than in WB after the first harvest and 1.85 times (mean value) greater after the second harvest. 
Discussion
Many researchers reiterated the fact that biochar amendment in soil increased the soil water holding property [17, 36] to provide more moisture for evaporation, transpiration, and evapotranspiration in soil and plant systems. Biochar modified soil to be a spongy nature to store more water at field capacity and to withhold more moisture at wilting points [37] . Thereby, in this study, biochar added soil presented peak values for ET and IPF. Brassica Camprestis Var. Chinensis belongs to the Brassica Camprestis family, which is considered to consume the highest N concentration (approximately 1500 to 4000 mg N/kg −1 ) in nitrate form substantially [38] . In this study, total and tracer N in BC were consumed more than in WB in all treatments. Many studies revealed that biochar addition enhanced the N uptake, as Huang et al. [39] found a 23-27% increase in N fertilizer uptake in rice plants, and similar results were also reported by Awad et al. [40] . Nonetheless, few reports also elaborated that biochar had no effect on the overall N uptake; for example, Jones et al. [41] performed a three-year field trial to examine the agronomic effects of biochar including N uptake but found no increase in crop uptake. Huang et al. [42] found no significant increase in N uptake during a four-year experiment. Few researchers added the negative N uptake with biochar addition [43] [44] [45] . These contrasting results evaluate the complex nature of biochar and its interaction with a soil medium. The effect of poultry manure biochar on soil pH, EC, CEC, organic carbon, and nutrient availability depend upon the chemical composition of poultry manure and the temperature conditions in the pyrolysis process; for example, biochar composed above 400 • C has a better capacity to supply a quick release of nutrients as compared to biochar prepared at lower temperatures [46] . However, we found total N contents of 2.3-8.06% in the dry matters of the whole plant body at different growth stages with no significant difference in any treatment except lower N content in CK.
The biochar has a porous structure and a higher surface area, which can improve the soil ability to absorb and retain more water. Hence, the potential of biochar in reducing the volume of the solution percolated through the soil must be pursued [36, 47, 48] , but conflicting results have been found [49, 50] . In this study, we found inconsistent results showing that cumulative mean volume collected in leachates from BC was lower than other treatments with a non-significant difference.
The Brassica Camprestis family of vegetables consumes a higher level of nitrogen in nitrate form ranging from 1500 to 4000 mg N/kg [38] . Every soil has more or less nitrate concentration, which is the product of the soil mineralization process of organic matter and applied N fertilizers. Soil mineralization depends upon water content [51] , temperature [52] , organic matter [53] , soil C:N ratio [54] , and aerobicity [55] . Therefore, the urea mineralization in soil and the conversion into nitrate forms may take different amounts of time, which might be the reason for maximum nitrate and N levels in the fourth leachate. The second reason may have been the heavy rainfall event, which caused the generation of the maximum leachate volume from all the treatments. As demonstrated in many studies [56, 57] , maximum nitrate leaching occurred after the heavy rainfall events, particularly in the summer season. In our study, biochar addition decreased the nitrate and the total mineral N leaching but not the ammonium ion levels, as accumulative values were found to be a little bit more than others. The biochar addition can modify the soil characteristics (physical, chemical, and biological) and decrease nitrate leaching [described by other studies [58] [59] [60] , whereas few researchers found contradictory results [61, 62] . Nonetheless, biochar added soil can flush higher nitrate up to 90% of the total mineral N [58] and higher concentrated ammonium ion solution because of its absorption and desorption effects [63, 64] , which were also described in previous studies as they were observed in our experiment.
The peak water use efficiency was developed in the BC with overall non-significant differences in other treatments in our study. Uzoma et al. [65] found that three biochar treatments increased water use efficiency by about six, 91, and 139% as compared to the control in sandy soil, which supports our findings. During the summer season, frequent and more water had to be applied to maintain optimum moisture content in all treatments, which caused an increase in evaporation from soil and ET. Therefore, it might be inferred that there was lower WUE in the first cropping season.
Growth rates in WB and BC were higher as compared to CK, presented by the difference of N fertilizer addition on crop growth and yield. The single plant growth curve in BC presented more elevation as compared to WB, and maximum plant growth was observed in the summer season in our study. Different studies found similar results; Awad et al. [40] in a greenhouse study reported that the significant growth in shoot, leaves, and number of leaves was observed in biochar added soil. Jones et al. [41] noticed that biochar amendment increased the foliar mass in a three-year field study.
It was observed that tracer 15 N was present in almost all leachates collected from treated lysimeters, and the levels decreased after fertilizer application up to the first harvest and thereafter increased again. This fluctuation in N levels in leachate was surprising and somewhat conflicting but was observed in almost all treatments. Johnson et al. [66] recorded soil mineral decline from 200 ppm at day 20 after fertilization to 10 ppm within 161 days in a lab experiment. Similarly, Ferchaud et al. [67] analyzed that 15 N urea applied in one season was retained in the soil and was utilized in the next cropping season. After the first experiment, soil columns were placed in an open environment under the hot summer conditions for about 45 days. Many researchers [68, 69] reported that a dry summer can accumulate nitrate in the surface soil, and subsequent rainfall might create peak nitrate leaching from the root zone. Therefore, peak N leaching developed in two cropping seasons might be due to these aforementioned reasons.
Conclusions
Biochar composed of poultry and straw at 650 • C pyrolysis has the ability to provide maximum mineral N to plant uptake, reduce nitrate leaching, and promote plant growth rate. It can exceed the residence time of nitrogen in soil medium of depths of 30 cm, which can be utilized in upcoming croppings. Biochar added to soil presented significantly higher water availability [IPF) in two cropping seasons and showed peak ET levels without significant differences. Hence, biochar addition is helpful not only to control the N leaching but also to provide optimum water availability in the cases of wet and dry conditions. In this study, urea volatilization and N 2 O emission were not determined, thus further investigation is suggested in this regard.
